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BASIC-ABSTRACT: 

The selective hydrogenation of diolefins and/or acetylenes in hydrocarbon fractions is effected at 0-250 

^3 .nH ^" L"^^ °f 0-2-5 (0-5-3), an H2 rate of 70-360 (70 150) 

m3/m3 and an H3 consumption of 5-100 (10-90) m3/m3, using a catalyst comprising 1-50 wt % Ni on a 
support and 1-50 ppm of a Pt-gp. metal. wu/omona 

Jidt-nVHt ^1 ^ ^^-22^ ^ 8^^°""^ fractions' and esp. gasoline 

pen ! Ttf hT pT'^'"^.? ^'^^ '^'^'""^ ^ *^ P'-^^^"'^^ °f steam and/or inert hLt transfer 
agents. The addn. of the modifying Pt-gp. metal results in an improved reducibility of the Ni catalyst and 
enables the reduction to take place over a wider temp, range than hitherto. ^ 
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(54) IMPROVEMENTS RELATING TO SELECTIVE HYDROGENATION 

(71) We THE BRITISH PETROLEUM COMPANY LIMITED, of Britannic House, 
Moor Lane, London, EC2Y 9BU, a British Company, do hereby declare the invention for 
which we pray that a patent may be granted to us, and the method by which it is to be 
perfortned to be particularly described in and by the following statemenf- 

'"^'^ ^^^ ^° ! process for theselectivehydro genation of di-nlefi nc anH/nr 
aegmgBgS injjie presence ot mono-oig?ii T^ Ulllisln^ a modified ft nppnrtPH n.VlJpl ^^f^iycf 
, <P>l.S^Im-Sg|g3 i^^ and/or acew IeneTTTT unsa rnr/t^H 

ji>^c^bon.^actions ^ and also mOilu-oleflH^ka iiSir es tahiishft^ 

range 13 to 225 CTBecause of the gum-forming characteristics of these highly unsaturated 
matenals the process is carried out at temperatures below 250''C in the liquid phase 
Aromatics, if present, remain unhydrogenated as do at least a proportion of the 
mono-olefins, these being hydrogenated. if necessary, in a second higher temperature 
stage. A particularly suitable catalyst is a supported, predominantly elemental, nickel 
catalyst, the use of such a catalyst being described and claimed in UK Patent No 848232 

MoA^P^n^^?^^^^ ^'^ modifications to the process are UK Patent Nos. 

oyyo52, 972245 and 1301477. 

"^fi-jaocess is particularly suitable for gasoline produced bv thermal crarlci np above 
.^gyj injti£.presence_^f diluent s team and/or an inert heat transfeTagent suc3rg§ sand 

M Such thermal cracking processes are designed primaril y for T he p r oduction o fUght olefins 20 
e.g^, ethylene and propylene, the gasoline produced being a by-product. 

Cj an<^OT C4 fractions from the steam cracking may also be selectively hydrogenated to 
remove dienes or acetylenes depending on the use to which these fractions are to be put 

<>« J • P^^sence of highly unsaturated gum-forming hvdrocarbons leads to the gradual 

^ deposition of polymenc material on the catalyst and eventually to a high pressure drop 
across the reactor. To increase the catalyst life, treatment with hydrogen, as described and 
claimed in UK Patem No. 907348, has been used. The combination of reactivation, careful 
control of the hydrogenation to minimise gum formation, and the relative cheapness of the 
catalyst has, up till now, made it unnecessary to consider catalyst regeneration on a 

JU commercial scale. 

However, the increasing cost of nickel has increased the cost of the catalyst. Further the 
seventy of steam cracking has been steadily increasing giving more highly unsaturated 
gasohnes and a consequent shortening of the overall catalyst life. Regeneration of the 
catalyst has, m fact, already been proposed as a solution. 

35 Our British Patent Specification No. 1455030 (BP Case 3711) discloses a process for 35 
regenerating a supported nickel catalyst which has been used for the selective hydrogena- 
tion of di-olefins and/or acetylenes in the presence of mono-olefins which comprises the 
steps of purging the catalyst of volatile hydrocarbon material with an inert gas at a 
temperature of from 120 to 350°C, burning off hydrocarbonaceous deposits with an 

40 oxygen/mert gas mixture at a temperature of from 350 to 450°C, initiating the reduction of 40 
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SduS^^^^^^^^^^^^ - ^5^-^-3- gas fixture at 350 - 450'C and completing the 

■ At Vm'^eSesSr^^^^^^^^^^ '"^''r, P^°=^d"r« is 390'C to 430»C 
So'cT' .^"^ PO°endalit temp^^^^^ the cataljst^s not 

450 C, the nickel is reduced to the fom of relSv h,r J S "oje Particularly above 5 

In practice, control of the relat S nar?oTtemi^^^^^^^^ 
reduction can be difficult to achieve temperature range necessary for optimum 

10 metal toThVSelSySre^^^^^^^^^^^ "^^^ q-ntity of a platinum group 

satisfactory reduction ^SeT'era'^ 10 

Thus according to the oresem invJnffL ^ ""^^ than hitherto, 
hydrogenation of di-oTefinTStraceSnes'iS a llTn\' ^'Z'''' the selecUve 
comprises contacting the hydrocarton fracS '"^'''^ P^cess 

comprising m addition 1-50 ppm by St of a nfatfm^^^^^ 

the range f)" - 250''C, a pressure in the raSe 7 inn h, c ^ group metal at a temperature in 15 
m the range 0.2-5 v/v&r, a hyL^n tSeS Ja^ 

consumption rate of 5-1 00 m^/m3 a Qiinnrf^-^^^ . , ' and a hydroeen 

50 ppm by weight of a pTatinum^P^p^^^^^^^^^ 

refractory compound of a GrouyiMII oTiV ifjLwL'* ' "^''^V ""de or otifer 
preferably, sepiolite. ' " " aement for example almina, sinca, or 

com^erif^'Sa^a^TuCu^^^^^^^ ^"PfP ^ """i™ a 25 

P'll^SSSff^Stli-l^lf ^^^^^ osj,™. and " 

palladium chloriaeT" "i-uidny prererred. Suitable salts of these metals include 

^^^^ca^ck^^^^ elemental nickel during 
the su,nhur:n4el tomic^a?^^^^^^^^^ 

fl A sulphur may be added by reaction with^ffn^i? " '^^^^ Particularly 

feedstock or bv presulphidine with rth,V,nh7r,i ■ °,P^^"^ normally present in the 
atoms in _the-i?ng. I dT4y mo^os^^^^^^ 

aforementioned sufphurcomDoundVrnnrifeo Kt temoerature below 250=C. The 

partial sulohiding ^uringTe^rrly sTa%s'of sS^^^^^ ^ 

The preferred feedstocks are fffl«niin/fro)i « u t'^e hydrogenation. 

the following characteristics: ^ the range 15 to 225«C having 

45 Di-olefin content % ^ ,c 

Mono-olefin content | * f preferably 5-15 45 

Aromatic content | \- ^J- preferably 1-10 

Diene content | ^ f - 85- preferably 45-75 

Bromine number ' ^ ?nn P'"ef"ably 10-15 

' ne" l>Sl? "'P"'" S""- """Xer'^oTth^iir^^^^^ gasolines are 
60 op^aVI'S aSTcS. ' '""'^"y «~= Proce. which is ^ 
Temperature op 

Pressure i,„ 0-250, preferably 30-180 

Space velocitv wwhf"^' 7-100. preferabl^ 20-70 

65 Hydrogen treating rate 3' ?n P^^f^-'ably 0.5-3 

m /m 70-360. preferably 70-150 65 
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Hydrogen consumption M 5-IOO. preferably 10-90 

flow So'Sd fS?fo1?hots'auh°/^^^^^^^^^^^^ ""^ p^^^^^'^'y 

5 feedstock. TTie need for regeneration m.v h^fi "^ conditions to purge the catalyst bed of 
0.5 to 7 bars across tK^S b^d^ bV ^ 
consumption bv increasing the fimLrfr ^ u "/m *° maintain the desired hydrogen 
to restore activitv TSotf/^^P °f ^^''"^^ of known reactivation techniques 

Mel IS a! 39? ' 4?2? ^I;!; I temperature of 390 - 410"C. 

9^ tk! ci!. .i^ S ^'^^ ^ maximum bed temperature of 420 - 45n°r 

men gas Preferably the temperature of the in et gas is reduced to 350 : 37n«r 
v/v/hr a„J the o°v»Vfo°r T fni.S'r "du „?n SnTto'lS ™ ^'^ 

SSISSF— ^^^^^^ ^ 

temperature at 410 - 430''C. maximum bed 45 

h«Sf„f^**'''*^ '"^y '^""'^^ ^^^^ ^0 the normal operating temperature in a flow of 
Th.^n".P'''P'7'°'y recommencing the selective hvdrogeLtiSi^fn standS^^^^ 
I pre^S a'b vTto l1?SarVg\V/e"ThV5^^^ 1 tolstarrgarg e, 

Th?'l«v*' liquid may be distilled to remove the dissolved polymer and recvcled 
The washmg may be carried out under the following ranges of conJitSns ^ 
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Temperature* 
Pressure 
Space velocity 
Hydrogen rate 



"C 

bars gauge 
v/v/hr 



ambient - 300, preferably 50 
7 - 100, preferably 20 - 70 
••0 - 10, preferably 0 - 5 
0 - 360, preferably 0 - 150 



250 



The catalyst can also be treated with hydrogen under the following ranges of conditions. 



Temperature 
Pressure 
Space velocity 



•c 

bars gauge 
v/v/hr 



150 - 450, preferable 200 - 400 

7 - 100, preferably 20 - 70 

20 - 2000, preferably 100 - 1000 



SS«noni tl ^"^^ •"'"''^ '5""^'"' substantially in the liquid phase. 
Corresponds to filling reactor under no-flow conditions, i e a static soak 
The mvention is illustrated by the following examples. 

Example 1 

addini^frl °rJ\ nii°"'^ catalvst containing nominally 10 ppm wt paDadium was prepared by 
ff?cl.^° '"^ (186 grammes) of a standard Ni/sepiolite catalyst (containing 10% vn nicken 
to a olution containing 0 001 grammes of PdCl^ In 250 ml o/ de onise<^^?ter ThTcatS 
was left in the solution for 24 hours at ambient temperature. Excess sSon wS tS 
removed usmg a rotary evaporator. The catalyst was dri^d ovSght a? So'C 

Example 2 

reducibility of the Ni/sepiolite catalvst containing the trace of 

mmme?! of^heP?dl?H '""t-" P'^"^" t^' pa?ked wfth 50 ml 36^ 

£ iSfvT for 5 f doped Ni/sepiohte catalyst, which was reduced by heating the catalysts 
to 350 C for 4 hours under a once-through hydrogen flow of 50 litresAiour FoIloS 
reducuon the catalyst was cooled back to and maintained at 80°C under hydroL^^^^ 

?00 mJ^r^fJr n^LP.T"A°"" '\ "-*^^P\"' "^"^''^^"y 0.13%Cfh?o?hene at 

oxveen ai So'l for ^J^'^^^' T ' contafning 1% 

oxygen at 45U C for 5 hours, after the unit had been purged of hydroeen 

After oxidative regeneration of the catalyst, the unit was purged with nitrogen and then 
hydrogen and the catalyst was reduced successively at 250=. 5oO' and 35o4 in flowiS? 
SSn ^X"' ^P' "-^^ temperature. A samp^of Ae catalyst 

taken after each stage of reduction. To prevent oxidation of the reduced catalS? 
precautions were taken to avoid contact with the air. The catalyst was samSed under a 
nitrogen purge and samples were stored under water sampiea under a 

.=,imf«"lf-tfK f^'^t '^^^^^y'^ s^P^" were determined by treating the 

buTette! and by measuring the volume of hydrogen evolved in ! gas 

se^Snte'Tau'iyr'*"'' '^^^^'^^ °" ""^ ^^'^ ^'"'"'""'^ °^ '''''"^^'^ "'"^kel on 



Results 



Reduction 
Temperature 



250 
300 
350 



% Ni Reduced 



Standard 
Ni/sepiolite 

12 
35 
50 



Pd/Ni/sepiolite 

31 
48 
67 
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meml^l'S 'reaSTiS^ced regeneration the catalyst containing the precious 

WHAT WE CLAIM IS: 

^ .P''°c/ss for the selective hydrogenation of di-olefins and/or acetylenes in a 
hydrocarbon fraction which process comprises contacting the hydrocarbon fractSn in the 
'"PPT'^ '^"'"^y^^ comprising in addition 1 - 50 ppm by we°g^^^^^^^^ 
?m'"r f^^P at a temperature in the range 0' - 250»C, a pressure in the rfnge 7 
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refract^ty'So'"^^^^^^^^^^ the support is a 

4. A process according to Sa^ 
. 5. A process according to anvS^™ ^^'" *"PP°^t sepiolite. 
is palladium. ^° °^ preceding claims wherein the platinum group metal 

reduced ffiTydrogef af a° te"!? ^ ' P'-'"?"^ '^^^^^ therein an oxidised catalyst is 
hydrogenation. ^ ^ ' temperature m the range 150 to 450'C prior to selective 

tem'peratEJe?n"thrr?nS-^lL°r^^ P't^'^'^^-'^^^^s wherein contacting is effected at a 
hourly space velocity iSfhe ranee 0 5' 3 hln'^ '^"^^ ^0 - 70 bars gauge, a liquid 
hydrogen consumption rate Sf 10 . "90 1^/5°^"" ^'"^^'"^"^ ^^^^ of 70 - 150 P/m' aSd a 
8. A process as hereinbefore described with reference to the Examples. 



which copies may be obtiincd. * * 
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M. MACLEOD, ,^ 
Agent for the Applicants. ^ 



